Abstract: A group of experienced secondary school teachers used a novel learning theory as a resource for planning and carrying out their teaching of a difficult economic concept. Their students' mastery of this concept after a series of three lessons was compared with the mastery of the same concept by students who were taught by another group of teachers under the same conditions except for the use of the theory. The difference in learning outcomes was extreme. Observations of what was happening in the classrooms showed subtle but decisive differences correlated with the differences in outcome. These differences were interpreted in terms of the theory used by the first group, and the results seem to give support to the theoretical claim that for any specific object of learning there is a necessary pattern of variation and invariance that the learners must experience in order to appropriate the object of learning in question and thus by bringing out that pattern in the learning situation, the likelihood of that object of learning being appropriated is enhanced. Furthermore, this study shows how the understanding of the simultaneous change in the supply of and the demand for a certain good affects its market price can be brought about in a powerful way.
Introduction
In a previous paper (Pang & Marton, 2003) , we introduced variation theory and reported how it was used by a group of teachers to identify and bring about conditions necessary for understanding and appropriating some difficult concepts in Economics (price elasticity and tax incidence). A group of experienced teachers were familiarized with variation theory (see below) and they used it as a resource for developing a lesson plan and carrying out a series of lessons in their own classes.
Another group of teachers with a similar background worked together on teaching the same concept in the same way as the first group, but without making use of the specific theory. The difference in the learning outcome was rather spectacular: more than 70% of the students taught by the first group developed a good grasp of the concept, but less than 30% of the students taught by the second group did so.
The study had two aims: putting the theory used by the first group of teachers to the test and finding a powerful way of developing the students' understanding of the specific concept. In a similar vein, the present study has two aims: to put the theory to another test and find a powerful way of developing the students' understanding of another concept. There are two important ways in which this study is supposed to make a contribution. First, it supports the theoretical claim that for any specific object of learning there is a necessary pattern of variation and invariance that the learners must experience in order to appropriate the object of learning in question and thus by bringing out that pattern in the learning situation, the likelihood of that object of learning being appropriated is enhanced. Second, this study shows how the understanding of the simultaneous change in the supply of and the demand for a certain good affects its market price can be brought about in a powerful way.
The object of learning
The object of learning, i.e. what the students are supposed to learn, in the present study is the ability to account for change in the market price of a commodity by taking into consideration the relative magnitude of change in its demand and supply, which comes from the Hong Kong economics curriculum for Secondary 4-5 students. This topic was chosen for two reasons. First, it includes some of the most difficult concepts for school children at this level. Many candidates in the Hong Kong public examination failed to discern that both the supply of and demand for a commodity affected its market price, which required a comparison of the magnitude of changes in both its demand and supply (Hong Kong Examinations Authority, 1992 , 1995 . Second, this concept was considered to be worthwhile for the students to learn because it is one of the most fundamental concepts in Economics and it is useful for students to develop a powerful way of understanding this phenomenon, which they often encounter in their daily lives.
Market prices change due to supply changes, demand changes, or both. Based on a commonsense understanding, quite a number of people see a change in the market price of a commodity as an effect of a change either in demand or supply. Not many of them would ever take into account a simultaneous change in both demand and supply.
For instance, in mid-2004, there was a sharp increase in the price of gasoline, which reached a record high in the world market. Many people would attribute this price increase merely to a change in supply, as they still remembered how the past cuts in production by the Organization of Petroleum Exporting Countries (OPEC) during the 1970s greatly affected supply, and thus the price of oil and gasoline. However, the supply of oil in the world market has not decreased as people expected. According to Dow Jones (March 27 2004) , since September 2003 ''OPEC has twice called for output reductions but is pumping more oil than before, and far above its official quota''. Combined with the increased output of non-OPEC countries, the total oil output has actually increased.
However, quite a number of people tend to overlook the fact that the demand for oil and gasoline has jumped constantly this year. As reported by Shenk (2004) , ''demand for gasoline, diesel and other fuels will rise by 1.7 million barrels a day this year to almost 80.3 million barrels, the biggest gain since 1997... It was the sixth straight monthly report to forecast an increase''. The key source of the increase in demand for oil comes from developing countries, especially China.
The main reason for the oil price soaring is that the increase in demand for oil and gasoline has been relatively greater than the increase in supply. When people simply consider the increase in supply to account for the price change, they may not be able to develop a more advanced way of understanding the economic phenomenon of the changes in the market price of oil and gasoline because they fail to account for the relatively greater increase in demand over supply. It is important to note that this simultaneous change in demand and supply, and in particular their relative magnitude of change, actually led to the price rise of oil and gasoline.
In economics, when both the demand and supply change in the same direction at the same time, whether the price will go up or down depends on the relative magnitude of change in demand and supply. In general, there are three possibilities for the effect of a simultaneous change in demand and supply on price: when the increase (decrease) in demand is greater than the increase (decrease) in supply, the price of the commodity will go up (down); when the increase (decrease) in demand is smaller than the increase (decrease) in supply, the price of the commodity will go down (up); and when the magnitude of change (increase/ decrease) for demand and supply is the same, the price will remain unchanged.
To derive the effects on price of the simultaneous change in demand and supply, we attempt to decompose the two effects and consider how each affects price. Take the simultaneous increase in demand and supply as an example. An increase in demand for a good with constant supply will lead to a rise in price, whereas an increase in supply with constant demand will lead to a fall in price. It is obvious that the effects of these two changes on price are opposite and counteracting. Thus, to determine the combined effects of a simultaneous increase in demand and supply on price, one needs to look at which magnitude of increase is greater. If the magnitude of increase in demand is relatively greater than that of supply, then the price will rise, and vice versa. For the reverse case the result will be reversed. That is, when the decrease in demand is relatively greater than the decrease in supply, the price will go down, and vice versa.
In summary, to develop an economic way of understanding how the price of a commodity will change as a result of a simultaneous change in its demand and supply, one must focus on and discern the critical aspect of the object of learning, the relative magnitude of simultaneous changes in demand and supply.
Variation theory
The point of departure for variation theory is that learning is characterized in terms of the learner's dynamic structure of awareness, and is related to discernment, variation, and simultaneity (both synchronic and diachronic) (Marton & Booth, 1997; Pang, 2003; Marton et al., 2004) . Learning is associated with a change in discernment, which entails a change in the aspect(s) of the phenomenon in the focal awareness of the learner.
To discern, one must experience variability, because discernment assumes experienced variation. When certain aspects of a phenomenon vary while other aspects remain invariant, those aspects that vary are discerned. For instance, one could not discern ethnicity if there was only one ethnic group or colour if the Earth was filled with only one colour. Every aspect can be a dimension of variation, and the capability to discern an aspect is seen as a function of the variation that is experienced in that aspect.
For a phenomenon to be experienced in a particular way, certain critical aspects that correspond to the dimensions of variation of that phenomenon must also be discerned at the same time. For instance, to develop a complete way of understanding Archimedes' principle one must be focally aware of the weight of a body immersed in water as compared to its weight when not immersed, and of the weight of the water displaced at the same time (Marton & Booth, 1997) . Thus, a particular way of experiencing something represents a set of related critical aspects that are discerned and focused upon in a simultaneous manner.
The qualitatively different ways of experiencing something can thus be understood in terms of the discernment of critical aspects, the simultaneity of discerned critical aspects, and the potential for variation in the discerned critical aspects of the phenomenon in question. For instance, the different ways in which children understand numbers have been described in terms of 'many-ness' and sequential ordering. Some children discern and focus on the 'many-ness aspect' of numbers, others discern the sequential aspect, some discern and focus on both at the same time, and others discern none of these aspects (Marton & Booth, 1997) . However, to discern 'many-ness' the child must have experienced variation in that aspect. They cannot experience the 'seven-ness' of seven, for instance, without experiencing the 'six-ness' of six and the 'eight-ness' of eight. Moreover, to experience the sequential aspect of numbers the child must also experience variation in that aspect. Again, to experience the 'seventh-ness' of seven, for instance, they must experience the 'sixth-ness' of six and 'the eight-ness of eight'.
According to Marton and Booth (1997) , certain patterns of variation and invariance characterize certain ways of experiencing a phenomenon, and to bring about a particular way of experiencing a particular phenomenon it is necessary to create a corresponding pattern of variation and invariance. The object of study is how to make use of the variation theory to design learning environments that create specific patterns of variation and invariance, and which thereby bring about student learning. Marton (1999) defines learning as experiencing something in a new light. There is no learning without discernment, as learning means being able to discern certain critical aspects of the phenomenon that one previously did not focus on or which one took for granted, and simultaneously bringing them into one's focal awareness.
As Bowden and Marton (1998) purport, the object of learning is seen as a certain way of experiencing something upon which a certain human ability or value is developed. It is more than a collection of concepts within the structure of an academic discipline. The learning of a certain concept enables the learner to see the phenomenon in a more efficient and powerful way than before. To take an example from economics education, students will not just be learning the notion of market price as an abstract economic concept, rather they will be developing an ability to look at or make sense of price from an economic perspective in an everyday context.
Hence, in the course of preparing teaching, the teacher should be mindful of the intended object of learning, that is, what ability is intended for the students, and how the use of variation can help to bring it about. In using variation theory, the role of the teacher is to design learning experiences in such a way that helps students to discern the critical aspects of the object of learning with the use of variation. Marton and Booth (1997) argued that in relation to every object of learning, certain patterns of variation and invariance in the learning environment are implied. By consciously varying certain critical aspects of the phenomenon in question while keeping other aspects invariant, a space of variation is created that can bring the learner's focal awareness to bear upon the critical aspects, which makes it possible for the learner to experience the object of learning.
However, the intended object of learning does not by itself affect student learning; how it is realized in the actual classroom context does, i.e. the enacted object of learning. Teachers implement the lesson plan in their classrooms and the lessons are video-recorded and analyzed in terms of what was made possible to learn from the point of the object of learning through the pattern of variation and invariance that has been jointly constituted by the teacher and the students.
From the students' answers to the written and oral questions before and after the lesson we can characterize the lived object of learning, i.e. the object of learning that is experienced by the learners. From the preinstruction lived object of learning, teachers can ascertain students' initial understandings of the object of learning, and identify the critical aspects that differentiate the qualitatively different ways of understanding the phenomenon. To evaluate what the students have learned and thus the effectiveness of the instructional design, students' understandings are probed by written questions and interviews after the lessons. The teachers can then compare the pre-and post-test student learning outcomes. The gains and the absence of gains can be related to what was enacted in the classroom, especially when the enacted and the lived objects of learning are described in commensurable terms, i.e. in terms of variation and invariance.
The Method
The design of study A ''learning study'' (Pang & Marton, 2003) was conducted. A learning study combines a ''design-experiment'' (Brown, 1992; Collins, 1992) or ''design-based research'' (e.g. Kelly, 2003 Kelly, , 2004 with the ''lesson study'' model from Japan (e.g. Stigler & Hiebert, 1999) or the similar arrangement in China called the ''teaching research group'' (Ma, 1999) . Hence, a learning study has two aspects: it aims to build innovative learning environments and conduct research studies of the theoretically grounded innovations; and it aims to pool teachers' valuable experiences in one or a series of research lessons to improve teaching and learning. The primary focus is on the object of learning, and not teaching methods.
In this study, groups of secondary school Economics teachers worked together to develop instructional means for achieving an agreed upon learning objective. The aim was to develop the ability of students to take into account the relative magnitude of change in demand and supply in determining the change in the market price of a commodity (the object of learning). The specific and measurable aim was to develop a qualitative understanding of the object of learning and the skills to handle the problem and present it graphically. In this paper we report the first aspect only.
Two groups of teachers participated in the study. One of the groups followed the lesson study model (the lesson study group). The three teachers in this group first discussed how the object of learning could best be handled. To assess the students' initial understanding, a pre-test was conducted with the students, in which their qualitatively different understandings of the economic phenomenon were explored. This was supplemented by pre-test interviews of 10 students who were chosen randomly. The results of the pre-test written task and interviews were used in the course of designing the lessons, and combined with its collective experience the group developed a joint lesson plan for a series of three lessons, which were then taught in the three different classrooms. All of the lessons were videotaped and subsequently analyzed in terms of the enacted objects of learning.
After the series of lessons, the students' understanding of the economic concept was evaluated. All students were required to complete a post-test written task, which was identical to that used in the pre-test, and the same ten students who were interviewed during the pre-test were interviewed again to chart their progress of understanding. Based on the data obtained about the teaching and learning, inter-and intra-group comparisons were conducted to explore qualitative differences in the ways that teachers handled the same object of learning, and the students' qualitatively different ways of making sense of the phenomenon in question.
The procedure was the same for the other group of teachers (the learning study group), with one major difference. In this group, the researcher introduced variation theory as a tool for developing a lesson plan to the two teachers involved. Both the lesson plan and the enacted objects of learning demonstrated the teachers' understanding of the variation theory as applied to the particular object of learning. The lesson study group served as a reference to reveal the effect of the instructional design based on variation theory.
Participants
Five teachers participated in the study, two of whom (Teachers 1 and 2) belonged to the learning study group and three of whom (Teachers 3-5) belonged to the lesson study group. The teachers in both groups were very experienced in teaching Economics at this level, and all of them had received formal teacher training. The average teaching experience was 5 years for the learning study group and 5.5 years for the lesson study group.
One hundred and sixty-nine students, including 123 boys and 46 girls, participated in this study. They were in the age range of 16-18 years and all studied Economics as a school subject. All of the students belonged to the Band One category (which represents the highest level of academic attainment in Hong Kong) and were thought to be relatively more academically able than their peers. In terms of academic attainment, no significant difference was found between the students in the learning study group and the lesson study group.
Data collection
Data for the study was collected by a pre-test written task and interviews with students, preparatory meetings, class observation and videorecording lessons, a post-test written task and interviews with students, and interviews with teachers.
Pre-test written task and interviews
To ascertain students' initial understanding of the object of learning and to identify the qualitatively different ways in which they made sense of the economic concept in question, all of the students were given a pretest before the lessons. They were allowed 30 minutes to answer two questions that were framed in such a way that both required the discernment of concepts such as demand, supply, change in demand and in supply, the magnitude of change in demand and supply, and change in the relative magnitude of the two.
The first question was as follows.
''Some years ago, the original VCDs were rather expensive, and many people turned to buy the pirated VCDs. Many shops sold these pirated VCDs. Over the past few years, however, Hong Kong Customs has put much effort into stopping the illegal trading of pirated VCDs, and there are now fewer shops selling them. However, it is interesting to find that the prices of pirated VCDs has not gone up but remained more or less the same as in the past. Why? Can you explain this?''
The second question was as follows.
''In 1997, a new bird flu virus, H5N1, was found in humans in Hong Kong. Eighteen cases were reported and six people died. To stop the spread of the bird flu, the government immediately killed about 1.2 million live chickens in the territory. However, it was surprising to find that after this move, the price of live chickens in the market did not go up but fell. Why? Please explain.''
The results of the students were supplied to their respective groups of teachers, and became the major input for teachers of both groups to identify the critical aspects of the qualitatively different ways of experiencing that distinguish one way from the other.
In addition to answering the written questions, 10 students were chosen randomly from each class to attend an individual interview during which they were asked to elaborate on their answers in the written task. The analyses of the data from this interview facilitated the analysis of the written data, and all of the students' answers were analyzed phenomenographically to reveal their conceptions of the economic phenomenon in question (which will be elaborated in the data analysis part of this paper).
Preparatory meetings
To enable the teachers to work together to deal with the object of learning, two preparatory meetings were held, and both groups met twice for around five hours in total. In the first meeting, all of the teachers readily agreed that the chosen topic was important but difficult for students. Thus, they had no hesitation in trying to find ways to make it possible for their students to grasp the concept. They were asked to think about the following questions and share their views.
• What are the important points of teaching this topic?
• What common errors and confusions do students have when learning this topic? • How do students make sense of the topic?
The pre-test results of each group and the different conceptions identified were presented to each teacher. They were invited to use this as an input in their lesson design, and then discussed how to achieve the object of learning more effectively. They were asked to share with one another how they handled the same object of learning in the past and reflect on the following questions.
• How did you handle the same object of learning in the past?
• What do you think are the critical aspects of understanding this topic?
• What were the difficult points of teaching this topic in the past?
• How could we make students develop an economic way of understanding this phenomenon?
Both groups of teachers found that what caused students the most difficulty was the conceptualisation of the notion of relative magnitude of change in demand and supply in determining the price change. All teachers agreed that it was rather advanced for students at Secondary 4 level, as it was very abstract and sophisticated in nature. They admitted that the existing instructional strategies to explain the three possible scenarios one after another in a decontextualized manner seemed not work effectively in addressing this learning difficulty of students. No matter how hard they have tried to reason logically with the aid of the three separate diagrams (as shown in Figure 1 ) but without using any real-life examples as the background, most of their students could not follow but tended to regurgitate the three possible cases without deep understanding. This was evidenced by the sharing of both groups of teachers that a handful of students failed to apply the economic concept to handle novel situations and put the two dimensions, the magnitude of change in demand and supply, together in determining the price change. For the learning study group, variation theory was also introduced as a resource for designing the learning environment. First of all, the researcher presented some of the basic theoretical constructs of the theory of variation (as detailed in earlier section) in a less technical way. For instance, when explaining why discernment is a function of variation, examples of colour, sex and height were used, which were conceived to be easier for the teachers to comprehend. Furthermore, the researcher tried to exemplify how the variation theory could be applied to economics education, by making use of examples drawn from the teaching of the notion of price elasticity and tax incidence at Secondary
Note: When the increase in demand (from D1 to D2) equals the increase in supply (from S1 to S2), the market price remains unchanged (P1=P2).
Note: When the increase in demand (from D1 to D2) is smaller than the increase in supply (from S1 to S2), the market price falls (from P1 to P2).
Note: When the increase in demand (from D1 to D2) is greater than the increase in supply (from S1 to S2), the market price rises (from P1 to P2). 4 level (as documented in Pang & Marton, 2003) , and the determination of consumption equilibrium using indifference curves analysis at Secondary 6 level. After much deliberation, the group was most willing to try out the variation theory in their planning.
In the second meeting, based on the discussion in the first meeting, the teachers deliberated on the teaching sequences and plan for the three lessons that they had prepared together before they came to the meeting. After that, both groups produced the teaching materials, which were collected before the commencement of the lessons. Furthermore, to ascertain the prior knowledge of their students, the teachers were asked to submit their teaching schemes for the year.
Video-recording of lessons, Post-test written task and interviews
Teachers implemented the plan in their classes in line with their own personal styles and with any modifications that they considered necessary. To understand how the teachers dealt with the object of learning in the actual classroom contexts, the lessons were observed (field notes were taken) and video-recorded. The lessons were transcribed verbatim by student helpers and checked by a research assistant and the first author of this paper to ensure accuracy.
To ascertain the extent to which the students had appropriated the object of learning, after the lessons all the students were required to complete the same written task as used in the pre-test, and the 10 students who were randomly chosen from each class for the pre-test were interviewed. All of the interviews were tape-recorded and transcribed verbatim.
The researcher explained the task of the written test to each class before they started to work, to enable them to grasp the question adequately. They were told to elaborate their ideas as much as possible and feel free to use whatever language they liked, including slang, spoken Cantonese or even pictures, to answer the question and articulate their ways of understanding. They were strongly encouraged to use diagrams to assist their explanation.
The interviews were conducted with individuals to elicit the most open responses possible, with the tacit assumption that people find it less stressful to verbalize their thoughts in such an environment. During the interviews, students were mainly asked to elaborate their answers to the written task, and in the post-test interview they were also asked to talk about the teaching approach and to handle a new task that aimed to ascertain their ability to make sense of an authentic case using the economic concept learned in the lessons. The new task concerned the price change of a very popular game named ''toy rocket'' during the 2004 Lunar New Year period, in which a simultaneous change in demand for and supply of the commodity in question was embedded. This case was highly related to students' experiences, as it was a very fashionable item for most youngsters. To facilitate understanding of the case, photos and newspaper clippings were displayed. The translated text of the task is as follows.
''It was reported that the trendy item ''toy rocket'' (as shown in the photo herein) was so well received by the public that one of the stalls in the Victoria Park Flower Fair sold 2,000 pieces and earned $15,000 on January 20, 2004. The toy carried a good symbol of ''Having Great Improvement'' in the New Year to come, and both adults and kids liked it very much. You might find people playing with this fancy item everywhere in Hong Kong, and the price of the toy rocket soared over these few days. Owners of other stalls also felt its popularity and imported the items from China immediately to reap profit'' (News extract from a local newspaper)
Read the above news as well as the price chart of the toy rocket during the period of January 10 to March 11 2004. Try your best to explain why the price of the toy rocket changed in such a way. You may use the information contained in the news clipping as well as your own personal experience to support your answers.
In the interviews, initial questions were used to thematize the participant's experiences, after which they were allowed to take their own course. The interviewees were tape-recorded, and each interview lasted between 15 and 30 minutes. Supplementary questions were asked for clarification. The questions were mostly made up spontaneously, depending on the responses of the interviewees, to help the students to clarify or elaborate on the remarks that they had made earlier.
Above all, in both the written task and interviews, the questions were open-ended, which allowed students to reflect on their own experiences of the phenomenon in a free manner. These questions aimed to provide students with a context or situation in which to express their ways of understanding the economic phenomenon.
Data analysis
The subsequent data analysis focused on teaching and learning. The analytical framework of variation was adopted to analyze the teaching data. Attention was paid to the qualitatively different ways that the teachers handled the same object of learning. Instead of giving a detailed account of the process of teaching, the main focus of the analysis of the classroom data was on the patterns of variation and invariance constituted in the lessons -i.e. those aspects that were focused upon, those aspects that were varied simultaneously, and those aspects that remained invariant. Similarities and differences were identified in terms of the patterns of variation and invariance in the critical features that were found between groups and within groups in the lessons. The analysis of the teaching data was supplemented by other sources of data such as those from the preparatory meetings, the interviews with the teachers, the lesson plans submitted, and the field notes made.
The learning data were analyzed in an iterative manner by first studying the transcripts holistically and reading through them repeatedly to capture the global meaning of what the interviewees wrote and said. Parts of the written tasks or interview transcripts were then marked as significant quotes. These quotes were brought together to form ''a pool of meaning'', with the similarities and differences among them noted down. The quotes were then labeled tentatively and placed back in their original contexts to ascertain whether the labels matched the overall meanings, and at the same time compared to other transcripts of the group, until the critical aspects that differentiated the various ways of experiencing were identified.
Finally, a set of categories that signified the students' conceptions of the economic phenomenon in question was created. In the words of Booth (1997, p. 138) , ''the set of categories arrived at can be considered to be satisfactory when an internal logical relationship, a hierarchy, is seen to exist between them, which in turn can be related to other descriptions of the phenomenon in question''. It should be emphasized that although the data encompasses the descriptions of individual experiences, the categories of description that are derived reveal the collective experience of the participants, rather than documenting every individual way of experiencing manifested by each individual participant. Five qualitatively different ways of experiencing the two problems were identified, and five categories were derived for capturing the variation in answers applied to both questions. Each category will be described in more detail in the next section with an illustration of the critical aspects of the categories through verbatim quotes from relevant students' written work and interview transcripts.
To meet the criterion of multifaceted understanding and to verify the effectiveness with which the categories were explained, inter-judge agreement or the communicability of categories on the categorization of the data was sought. As Saljo (1988, p. 45) argued, this reflects ''the communicability of categories and thus gives the researcher information that someone else can see the same differences in the material as he or she has done''. Another two very experienced Economics teachers with solid backgrounds in education were invited to make independent judgments of the categorization of the conceptions. They were provided with a copy of the categories of description, 20 written answer scripts, and 20 interview transcripts, and were then asked to classify the transcripts against the categories of description. Although there were some minor disagreements in one individual case for the written task and interview with one of the external examiners, after consultation we managed to agree on the set of categories to describe the data. To permit informed scrutiny here, sufficient interview excerpts will be provided to adequately illustrate and fully describe the categories of description identified.
The ways of experiencing that were identified were categorized in accordance with the categories of description or conceptions identified. In the course of categorizing the qualitatively ways of experiencing of each student, the highest conception expressed in the two written questions asked was counted, as the students had already demonstrated that they possessed the capability of experiencing the phenomenon in a new light in one of the instances.
Results

The lived object of learning (1) -The pre-test
Five qualitatively different ways of understanding changes in price were identified before the lesson started, ordered here according to increasing complexity. Conception A Change in features of the goods The change in price was related to a change in the features of the good. Students who operated with Conception A focused mainly on changes in the physical features of the good -its quality, size, and so on.
The data classified under this category contains a view of price change as a function of the change in properties of the good. Structurally, the students' attention was focused totally on a change in the details of the good. Hence, the variation was in terms of the physical condition of the commodity: for instance, the quality of pirated VCDs had become better. The following is an illustration of such immersion in the details of the goods selected from written task.
''The price of pirated VCDs should have gone up a little over the past few years, but not much because their quality has much improved. In the past, they simply video-recorded the film from the theatre with their video-camera put in their handbag and they duplicated the copies for sale. The quality of the picture varied. Now, they somehow manage to get the original copy of the film from insiders and you will not see so many people walking or laughing in front of the camera. Regardless of the sound, the quality of the picture is much better, so it is worth a higher price. Anyway, although its price has gone up a bit, it is still much cheaper than the original.''
Conception B Change in Demand Only
The change in price was related to the change in demand for the good, caused by a change in the conditions of the market in which the good was situated. For instance, the commodity became more popular, people become more frightened to buy the goods, or there were more substitutes available in the market.
Students who expressed Conception B thought that price change was simply a function of a change in demand. They looked for reasons for a particular change in demand, such as buyers having formed strong habits of consuming the good, which meant that no big change in demand would be expected. In the case of this conception, the answers given by students were structurally characterized by a concern about the extent to which consumers would change their consumption plans, which would affect the price. The following written answer demonstrates this way of understanding.
''As the H5N1 virus was found in live chickens, people's desire to eat chicken dropped very much. So, fewer people bought live chickens. The reason why the price of live chickens fell was psychological. From the newspaper, people learned that there were 18 cases reported and 6 people were killed by this new virus. People were very frightened that they might get this disease by buying live chickens. No one dared to have live chickens and no one bought live chickens in the market, so their price fell''.
Conception C: Change in Supply Only
The change in price was related to the change in supply of the good, which resulted from the change in the supply conditions of the market in which the good was situated, such as there being more suppliers in the market or changes in the cost of producing the good.
In structural terms, students who displayed Conception C focused on the supply change only, looking at those factors influencing the supply side of the market, such as whether the cost of production had changed or whether there was a change in the level of inventory of the sellers. The answers given by students were structurally characterized by a concern about the extent to which suppliers would change their supply plans, which would eventually affect the price. The following answer illustrates this conception.
''The price of live chickens was high before the new bird virus H5N1 because the supplies mainly were local. Although all of the live chickens in Hong Kong were killed, the new supplies were from Mainland China. That means the cost of production was lower because the price of importing live chickens from China was lower. Therefore, the new price of live chickens was lower''.
Conception D: Change in both Demand and Supply (without comparing their magnitude of change)
The change in price depended on the simultaneous interaction of the change in demand and supply of the good, without considering the relative magnitude of change in demand and supply.
Structurally, the simultaneous discernment of elements that related to a change in both demand and supply characterized all of the answers that indicated this conception. On the demand side, the elements discerned were the change in people's willingness to buy the commodity and the change in the availability of substitutes in the market, etc. On the supply side, the elements included the change in the level of stock and the change in the number of sellers, etc. However, students exhibiting this conception did not attempt to compare the change in magnitude between demand and supply. The following are examples drawn from answers to each of the two questions.
''Because of the bird flu crisis, many people were afraid of getting the H5N1 virus from live chickens. At the same time, live chicken hawkers also dared not buy much from the wholesalers. Thus, there were fewer live chickens in the market. However, the price did not rise but fell. As many people were scared and did not want to buy live chickens, although there were fewer chicken in the market, the price dropped instead''.
''As Hong Kong Customs has put much effort into stopping illegal trading of pirated VCDs, and fewer shops sold pirated VCDs, the supply of pirated VCDs decreased. In the past, original VCDs were rather expensive but recently their prices have dropped, so not many people have bought pirated VCDs. Therefore, the demand for pirated VCDs also decreased. As both demand and supply decreased, the price remained more or less the same as in the past''. Conception E: Change in both demand and supply (and taking into account the relative magnitudes of change)
The change in price was seen as a function of the simultaneous interaction between the change in demand and supply, as well as the relative magnitude of change in demand and supply. Structurally, the object of awareness of the students was the three dimensions of variation identified, i.e. change in demand, change in supply, and their relative magnitude of change. The following provide good illustrations.
''Because the government killed 1.2 million live chickens, the supply of live chicken decreased, but on the other hand, people in Hong Kong were unwilling to buy chickens because they were afraid of having the virus H5N1, therefore the demand and supply both decreased. In this case, we need to see what decreased more. Although the supply decreased, the demand decreased more, therefore the price of live chickens did not go up but fell''.
''Some years ago, there were many people buying pirated VCDs because original VCDs were expensive. But during the past few years, Hong Kong Customs has tried to stop the illegal trading of pirated VCDs, and there have been fewer shops selling pirated VCDs. Therefore, we can see the supply of the pirated VCDs decrease. On the other hand, people's willingness of buying pirated VCDs also decreased because they were afraid of being sued for the illegal trading of pirated VCDs. Although they might still have been willing to buy pirated VCDs, that willingness was decreasing. We can see the demand also decreased. In this case, we have to look at how much the demand and supply decreased. The level of decrease of demand and supply were almost the same, therefore the price did not change much''.
The frequency distribution of conceptions between the two groups in the pre-test is shown in Table 1 .
As we can see, all of the students considered the market mechanism. However, only one student displayed Conception E and discerned the relative magnitude of changes in demand and supply. Judging from the results, the ability to make sense of market price changes by taking into account the relative magnitude of change in demand and supply is a novel but worthwhile ability for practically all students in the two groups.
The intended object of learning
Drawing from their own experience and the results of the pre-test, teachers in both groups came up with a lesson plan, showing the intended object of learning.
The intended object of learning according to the lesson plan in the learning study group
The teachers wanted to establish a context for learning, hoping to bring to the students an experience of an abstract economic concept in a meaningful way. To do so, they planned to present students with the case study of the face mask market when SARS hit Hong Kong to exemplify how a simultaneous change in demand and supply would affect the price of a commodity in a context of which the students had direct experience.
According to the plan, a worksheet on the Face Mask Market during the SARS period would be distributed to the students. Having one case study across different lessons was thought to afford a better focus on how the interaction between a change in demand and supply affects price change rather than on the product itself. The first part of the worksheet would try to separate the change in demand from the change in supply. To put it in another way, the supply would be kept unchanged or invariant, and only the demand would be changed. By referring to the various scenarios as portrayed by the relevant news clippings, the demand for face masks would first increase moderately, then further increase greatly, and finally decrease.
After that, the teacher would introduce a similar treatment on supply while keeping demand invariant, with the selection of those news clippings related to a change in the supply of face masks only. The supply would change in both directions: i.e. it would first increase to a small extent, then increase greatly and eventually decrease so that students could discern how a change in supply in both directions would affect the price of face masks. After deliberating on this partial equilibrium analysis of how a change in demand or supply would affect price, the teacher would introduce a paradox to the students by asking them the following question.
''As seen from the news extract on Q.9, despite the increase in supply of masks, the price of masks did not drop, but rose instead over the period. Can you explain the phenomenon with the aid of a supply and demand diagram?'' This paradox would serve to show that a change in supply or demand sometimes could not account for the economic phenomenon observed, and this would be used as a springboard to develop the second part of the lessons in which a simultaneous change in demand and supply would be introduced to resolve the paradox.
With a view to achieving what the teachers had originally discussed, the difficulty that students had in conceptualizing the idea of ''relative magnitude of change'' in demand and supply, the teachers would introduce simultaneous variation in both aspects after dealing with the cases where either the demand or supply changed separately.
First, the teacher would ask the students to suggest why the price of face mask still rose despite the fact that the supply had increased greatly. Some students were expected to guess that the increase in demand for face masks might be larger than the increase in supply, but they would not be able to explain it systematically and with the use of a supplydemand diagram. The teacher would then present a graphical representation of the situation to the students and emphasize that when both demand and supply increase at the same time, and when the increase in demand is greater than the increase in supply, the price will rise.
The teacher would then offer students a challenge by asking them whether the price will necessarily increase when both demand and supply increase at the same time. Hopefully, some students would be able to say that when the increase in demand for the good is less than the increase in supply, the price will fall. The teacher would then show a diagram to the students demonstrating how the mechanism works. Finally, the teacher would ask the students about the conditions under which the price would remain unchanged when both demand and supply increase simultaneously. This would be a bit more difficult for students, and in case they could not answer that this occurs when the increase in demand is equal to the increase in supply, the teacher would supply the answer and show it in another diagram. By inviting students to explore the three possible alternative results with the aid of diagrams, the teachers intended to introduce simultaneous variation in the magnitude of increase in both demand and supply. This would lead students to discern the critical aspect of the object of learning, the relative change of magnitude in demand and supply.
To help students conceptualize the notion of relative change in magnitude in a more effective manner, the teacher would put the three possible cases into one diagram and demonstrate the dynamic changes in the relative magnitude of change in demand and supply, as shown in Figure 2 . Changes in price can be seen as a function of changes in the relative magnitude of changes in supply and demand, as shown by the continuous movement of the supply curve from the left to the right while keeping the magnitude of change in demand constant. This would help students discern the notion of ''relative magnitude of change in demand and supply'' in a more direct manner.
To enable students to develop a logical way of reasoning, the teacher would use a table to help them to separately decompose the effects on price of changes in demand and supply, and then combine the two effects to determine the overall effect of a simultaneous change in demand and supply. The simultaneous increase in demand and supply Note: The original equilibrium market price is P where D intersects with S. Given an increase in demand (from D to D'), the market price rises (from P to P') when the increase in supply (from S to S') is less than that of demand; then the market price becomes the same as the original equilibrium price (P) when the increase in supply (from S to S'') is equal to that of demand; and finally the market price falls (from P to P'') when the increase in supply (from S to S''') is greater than that of demand. can be decomposed into the following three steps: first, when only the demand increases, the price increases; second, when only the supply increases, the price decreases; and finally, when both the demand and supply increase at the same time, the effect on the price will depend on the relative magnitude of change in demand and supply because the effects of increases in demand and supply are opposing. In other words, by considering whether the increase in demand is greater than, equal to or less than the increase in supply, students could predict the direction of change in price.
After that, the teachers would introduce simultaneous variation in the change in both demand and supply. In addition to the case when both demand and supply increase, the teacher would provide students with the reverse case (when both demand and supply decrease). Furthermore, the teacher would introduce the cases when demand and supply change in opposite directions, i.e. when demand increases and supply decreases or when demand decreases and supply increases, in which there would be a definite answer for the price change without the need to consider the critical aspect of the relative magnitude of change in demand and supply (as the changes of the two curves would affect the price in the same direction). This would serve as a good contrast to the previous cases in which both demand and supply changed in the same direction, which would draw students' focal awareness toward the importance of the critical aspect of relative magnitude of change in demand and supply when determining the price change. The teacher would conclude by restating the key points of the lessons and drawing students' attention to the object of learning.
The intended object of learning according to the lesson plan in the lesson study group
The teacher would first divide the students into groups of four, and each group would be required to discuss whether the various events contained in Worksheet A would affect consumers (the demand side) or producers (the supply side). Afterwards, the teacher would invite students to explain their answers with the whole class. This would enable the students to develop a basic understanding that some actions would affect consumers (demand) while some would affect producers (supply).
The groups would then receive Worksheet B containing advertisements of slimming companies in Hong Kong. The students would be required to discuss how advertising would affect the demand for slimming services, i.e. the case of an increase in demand. The teacher would then invite students to complete Worksheet C on the case of a decrease in demand, in the context of how the construction of a new railway would result in a decrease in demand for bus services in a region. This would serve to introduce variation in the change in demand, and thereby help students to direct their focal awareness towards its effect on price.
Subsequently, the teacher would ask the students to work in groups to complete Worksheet D, in which they would be informed that there would be more slimming companies in the market. In other words, there would be an increase in the supply of slimming services. After that, the teacher would ask the students to complete Worksheet E, in which the situations in the Worksheet B and D would be combined, i.e. a simultaneous increase in demand for and supply of slimming services. Students would be asked to show their answers verbally and graphically either during the lessons or as homework. The teacher would check the answers in the next lesson.
In the ensuing lesson, the teacher would deliberately pick three students to present the three possible alternative answers in three separate diagrams, i.e. when the increase in demand is greater than, less than, or equal to the increase in supply, the price would go up, go down, or remain unchanged. This would demonstrate that with different relative magnitudes of change in demand and supply, the effect on price change would be different. By introducing variation in the relative magnitude of change in demand and supply using the case of a simultaneous increase in demand and supply, the teacher would draw students' attention to and help them discern the critical aspect of the object of learning, i.e. the relative magnitude of change in demand and supply.
The teacher would then show a case of a simultaneous decrease in demand and supply in the context of how the building of a new railway would affect related bus services, and would invite the students to deduce the three possible results for the case. The students would be invited to present their answers and the teacher would then draw a conclusion for the cases.
The intended object of learning in the two groups compared
At first sight, it seemed that the difference between the lesson plans, the intended objects of learning, of the two groups was not very striking. Both planned a sequential variation in the change of demand and the change in supply, to be followed by a simultaneous variation in the change in demand and supply, as well as the relative magnitude of change. However, when the plans were scrutinized from the point of view of variation theory some decisive differences were found.
1. Different goods used in the increment and decrement cases in the lesson study group. The lesson study group used one good, the slimming service, to contextualize the case of increases in demand and supply, while using another good, the bus service, for the case of decreases in demand and supply. However, the learning study group kept the same good (face masks) invariant in all cases. 2. Cases with different directions of change in supply and in demand were missing in the lesson study group. The lesson study group focused on the case in which demand and supply simultaneously changed in the same direction, but did not include the case in which demand and supply simultaneously changed in opposite directions, i.e. when demand increased and supply decreased, and when demand decreased and supply increased. This means that the simultaneous variation in change in demand and supply was curtailed. However, the learning study group encompassed both in its intended object of learning. 3. No variation would be introduced in the absolute magnitude of change in demand or in supply in the lesson study group. The lesson study group only showed the increase and decrease in demand or supply, without introducing different absolute magnitudes of change. Consequently, no variation was constituted in this dimension, which meant that the absolute magnitude of change in demand or supply could not be discerned. In contrast, the learning study group planned to do so. 4. The variation in the relative magnitude of change would be illustrated with three different diagrams in the lesson study group, whereas the learning study, in addition to the different diagrams, further planned to represent the dynamic changes in the relative magnitude of change in demand and supply with a combined diagram.
The enacted object of learning in the two groups -The lessons plans implemented
The lesson plans served to demonstrate the intended object of learning, but it is the enacted object of learning which has an effect on student learning. Whether the intended object of learning was actually enacted in the classrooms hinged on a number of contingencies, such as immediate feedback from the students, the understanding of the lesson plan by the teachers, etc. When it came to the actual classroom teaching, aside from the lesson plans, teachers usually had their own ''micro-planning''. Some did less than what was stated in the plan, whereas others improvised to expand the original schedule of work. Consequently, it was common to identify a gap between the intended and enacted object of learning. When we analyzed the teaching in the classrooms, we found that all of the teachers introduced variation in demand (while keeping supply invariant) and in supply (while keeping demand invariant). Hence, this was a sequential pattern of variation and invariance, with two elements of the desired understanding of the price change being varied one at a time. However, the lesson study group, following its lesson plan, introduced just one instance of an increase in demand or supply, whereas the learning study group introduced both an increase and a decrease in demand or supply, with varying magnitudes of change. In other words, the teachers introduced variation in the magnitude of absolute change in demand or supply by showing the cases of a big increase, a small increase and a negative increase (decrease) in demand or supply.
The learning study group further introduced variation in the relative magnitude of decrease in demand and supply, and other alternative cases where demand and supply changed in opposite direction, i.e. when demand decreased and supply increased simultaneously, as well as when demand increased and supply decreased. In such a way, the learning study group introduced variation in the simultaneous change in demand and supply in a more thorough way. However, in the lesson study group only Teacher 3 tried to introduce the case of a simultaneous decrease in demand and supply, and it was noteworthy that no teachers in this group used cases in which demand and supply moved in opposite directions.
Regarding the invariance of the good in context, teachers in the learning study did very well, although Teacher 1 occasionally introduced the example of vegetables to supplement the example of face masks when dealing with the change in supply. In the lesson study group, only Teacher 5 used the case of slimming services all of the time. Teacher 3 used slimming services for the case of an increase in demand and supply, and used bus services for the case of a decrease in demand and supply. Teacher 4, in addition to the slimming case, used watermelons and sports shoes in exemplifying the effect of a change in supply on price.
All of the teachers introduced variation in the relative magnitude of increase in demand and supply by using three separate diagrams (as shown in ''The intended object of learning in the two groups compared'' section) to show the three possibilities that when the increase in demand is relatively greater than, relatively smaller than, or equal to the increase in supply, the price would increase, decrease, or remain unchanged. More importantly, to enable students to better grasp the critical aspect of the relative magnitude of change in demand and supply in determining price change, the learning study group further exemplified the simultaneous variation in one combined diagram to show how it affected price. After observing the lessons of Teacher 1, Teacher 2 decided to devise a computer program to demonstrate the dynamic changes in the relative magnitude of change in demand and supply. Instead of using the blackboard, the teacher used information technology in such a way that the simultaneous movements of the two curves were exhibited in a dynamic manner to show the relationship between the relative magnitude of change in demand and supply and price changes (see Figure 3) . The change in price was demonstrated to be dependent on changes in the relative magnitude of changes in supply and demand, as was shown by the continuous movements of the supply and demands curves from left to right (or the other way around). Hence, students could discern change in relative magnitude more directly and readily. For the lesson study group, only Teacher 3 attempted to do so intuitively with the use of an overhead transparency.
Above all, the main differences in the enacted object of learning between the two groups were the introduction of variation in the absolute magnitude of change in demand or supply, the use of the same good as the context of study, the use of a combined diagram to represent the simultaneous variation in the relative magnitude of change in demand and supply, the introduction of simultaneous variation in the relative magnitude of decrease in demand and supply, and simultaneous changes in demand and supply in opposite directions. These differences derived from the teachers' interpretations of variation theory, and in our view it is these differences that account for the differences in student learning outcomes.
The lived object of learning (2) -after the lessons
Learning is seen as a change in one's way of understanding certain phenomena. This implies that there are qualitatively different ways of understanding any given phenomenon. Students are said to have attained the object of learning when they come to see the phenomenon in a new light: in other words, when they discern the critical aspects of the phenomenon that they had not previously been able to discern.
In this study, the agreed object of learning was a powerful way of understanding a change in the market price of a commodity by taking into consideration the relative magnitude of change in its demand and supply. To determine the extent to which this was achieved, students were assessed on whether they had acquired a more considered way of understanding the phenomenon by the end of the study, with reference to the categories of description derived for the phenomenon. The learning outcomes in terms of the conceptions attained by students are reported on a group basis, with a comparison made between the learning study group and the lesson study group.
As shown in Table 2 , a striking difference was found between the two groups in the post-test. A much higher ratio of students in the learning study group was able to demonstrate Conception E, the object of learning. In the post-test, most of the observed conceptions in the learning study group belonged to Conception E (89.6%). This was much higher than the percentage for Conception E in the lesson study group, which amounted to only 28.3%. Hence, students in the learning study group generally had a higher level of understanding of the economic phenomenon in terms of their ability to discern the critical aspects of the object of learning. They performed much better than their counterparts in the lesson study group.
As previously mentioned, during the post-test interview, every student was also asked to make sense of a new case about the ''Toy Rocket'' in Hong Kong. This served to evaluate whether the students had developed ability to conceptualize the question of price change Note: With the use of technology, the demand and supply curves shift simultaneously, i.e. from D0S0 to D1S1, then to D2S2 and finally to D3S3, in order to illustrate the three possible cases in a dynamic manner, which shows the relationship between the relative magnitude of change in demand and supply and price changes from an economic perspective in a novel situation. It was interesting that only three conceptions (Conception B, D and E) were identified, as no student who exhibited Conception A in the written task was interviewed and those students focusing on the supply-side factors in the written task did not lose sight of the demand-side factors, which were quite prominent in this case. The following excerpt of an interview with a student regarding the new task also demonstrates the desired way of understanding, i.e. Conception E.
S:
Here it mentions that on January 10, the toy rocket was sold at $20, but within the following few days, the price soared to a very high level. Well, it really rose a lot. I think this was related to the fashion. As at that time, people liked to play with this kind of thing. People. . .many kids saw others playing with this fancy thing, and also wanted to possess one. Well. . .you know, when you watched people playing the item, it seemed to be very interesting. So they urged their parents to buy one for them. You know, the inventories of the sellers were usually quite limited, and it would take some time for them to replenish their inventories, maybe a few weeks. So I think the supply remained unchanged and the demand increased sharply over the period. So the price continued to rise.
I: Good. But why did the price of the toy start to fall from here? S: Well, from January 27 onwards, I think the demand for the toy may not have increased so much, or in fact it may have dropped. The fashion was about to finish. Maybe the sellers had put in extra orders earlier and the items just arrived, so the supply increased. But, the demand dropped or at least the increase in demand was not as much as the increase in supply, so the price began to fall.
I: What about the price after the Lunar New Year? S: From here, you can see that the price returned to the original price at around February, when the Lunar New Year holidays ended. It should be the case that both the demand and supply dropped to the level that was more or less the same as at the very beginning, so the price was about the same as the starting point.
Ten students from each class were randomly selected for interviews. As there were few students in each group, it was difficult to employ percentage measures to show the distribution of conceptions. Hence, the result should be interpreted with great caution. The purpose of using statistical tables to illustrate the distribution was mainly to complement the data obtained from the written task.
Moreover, to ascertain whether the two groups of interviewed students were representative of their respective groups, the distribution of conceptions for their post-test written task was analyzed. It was found that 90.0% of the interviewed students of the learning study group attained Conception E, which was a little higher than the entire group (89.6% attaining Conception E). Similarly, 30.0% of the interviewed students in the lesson study group displayed Conception E in the written task, which was higher than the overall result of the lesson study group (28.3%). This revealed that the two groups of interviewed students were representative of their entire groups, and no major discrepancies were found between the two groups.
As shown in Table 3 , in the pre-test interview only 1 student in the lesson study group managed to display Conception E, and this was the same in the written task. Hence, the students' initial understanding of the two groups was more or less the same.
In the post-test interviews, students in the learning study group outperformed their counterparts in the lesson study group. When counting the highest conceptions that were manifested in the new task during the post-test interviews, a sizeable difference was found. Students in the learning study group demonstrated Conception E more often (13 out of 20) than those in the lesson study group (4 out of 30). In other words, Conception E accounted for 13.3% in the lesson study group, but for 65.0% in the learning study group. This indicates that students Chi-square = 64.187 (df = 3) (p < 0.001) in the learning study group had a better learning outcome in terms of adopting a more complex way of seeing the phenomenon dealt with.
Discussion and conclusion
The results of this study show that students who belonged to the learning study group demonstrated a better understanding of the topic in question after the lessons than did their counterparts in the lesson study group, in terms of their ways of experiencing the topic concerned. Furthermore, there seems to be a systematic relationship between the differences in the enacted objects of learning and the differences in student understanding of the topic concerned. In terms of the enacted objects of learning, what happened in the classrooms of the teachers in the two groups differed systematically (in the introduction of sequential variation in the absolute magnitude of change in demand or supply, the use of the same good as the context of study, the use of one diagram to illustrate the simultaneous variations, the introduction of simultaneous variation in the relative magnitude of decrease in demand and supply, and simultaneous changes in demand and supply in opposite directions). These differences reflect teachers' interpretations of variation theory, and in our view they account for the differences in student learning outcomes. It seems that these differences in the enacted object of learning, as shown by the different patterns of variation and invariance made available in the classrooms, were reflected in the ways of experiencing that students manifested after the lessons. The students in the learning study group, who were presented with a particular pattern of variation and invariance based on theory, learned more effectively than those in the lesson study group.
From an analysis of the teaching in terms of the dimensions of variation that were opened up in the lessons -those aspects that were varied simultaneously and those aspects that remained invariant -a pattern of variation and invariance that is critical to the development of an economic understanding of the phenomenon of price change became apparent. The teachers in the learning study group handled this object of learning in a way that seemed to be very successful in enhancing student learning.
As seen from the results of the study, variation theory is a powerful tool in enhancing learning in the economics classroom, in terms of the possibility it gives teachers to identify critical aspects of different ways of understanding, and to introduce simultaneous variation in these critical aspects. By doing so, teachers can provide students with a widened space of variation that offers them a better chance of experiencing the critical features of the object of learning. Consequently, the students' understanding of the phenomenon in question will be greatly enhanced. This study provides support for the tenet of variation theory -that there is a particular pattern of variation and invariance necessary for mastering every specific object of learning.
However, we are not arguing that teachers who do not know this theory could not bring about such a pattern of variation and invariance. Actually, teachers cannot teach at all without using variation and invariance in their classes, and many teachers often intuitively create the necessary conditions for mastering the specific object of learning with which they are dealing (Marton & Morris, 2002) . However, we believe that this is more likely to happen if teachers are aware of the necessary conditions for mastering the specific object of learning from the point of view of variation theory. What the theory offers is simply a more coherent, explicit and systematic framework for bringing about necessary conditions for learning.
Overall, variation theory is a valuable resource with which teachers can improve student learning in the sense that it sensitizes them to looking for the critical aspects of the object of learning as well as the corresponding pattern of variation and invariance. The best sources of insights about what is critical and what is necessary come from the learners themselves.
